The nervous system probably cannot display macroscopic quantum (i.e. classically impossible) behaviours such as quantum entanglement, superposition or tunnelling (Koch and Hepp, Nature 440:611, 2006). However, in contrast to this quantum 'mysticism' there is an alternative way in which quantum events might influence the brain activity. The nervous system is a nonlinear system with many feedback loops at every level of its structural hierarchy. A conventional wisdom is that in macroscopic objects the quantum fluctuations are self-averaging and thus not important. Nevertheless this intuition might be misleading in the case of nonlinear complex systems. Because of a high sensitivity to initial conditions, in chaotic systems the microscopic fluctuations may be amplified upward and thereby affect the system's output. In this way stochastic quantum dynamics might sometimes alter the outcome of neuronal computations, not by generating classically impossible solutions, but by influencing the selection of many possible solutions (Satinover, Quantum Brain, Wiley & Sons, 2001). I am going to discuss recent theoretical proposals and experimental findings in quantum mechanics, complexity theory and computational neuroscience suggesting that biological evolution is able to take advantage of quantum-computational speed-up. I predict that the future research on quantum complex systems will provide us with novel interesting insights that might be relevant also for neurobiology and neurophilosophy. 
• The only intrinsically (objectively) stochastic (indeterministic) processes in physical world are quantum processes
• Does quantum indeterminism affect the dynamics of neuronal networks? Is our brain a deterministic machine or an indeterministic system?
A stochastic system is one whose behavior is indeterministic in that its inputs and initial state do not fully determine its next state (output)
Criticism of quantum brain hypothesis
Two main arguments:
A. neurons and neural networks are too large for quantum phenomena to play a significant role in their functioning.
 all quantum events are self-averaging, so that fluctuations among quantum particles are not important "Most biologists think that quantum effects all just cancel out in the brain." Daniel Dennett B. interaction of neurons/neuronal networks with their (noisy and warm) environment will destroy any coherent quantum states "Molecular machines, such as ... pre-and post-synaptic receptors and the voltageand ligand-gated channel proteins that ...underpin neuronal excitability, are so large that they can be treated as classical objects."
"The critical question...is whether any components of the nervous system -a 300-degrees Kelvin tissue strongly coupled to its environment -display macroscopic quantum behaviours, such as quantum entanglement" "A neuron either spikes ...or it does not, but is not in a superposition of spike and nonspike states."
Two ways of quantum biological computations
• nervous system probably cannot display macroscopic quantum (classically impossible) behaviours such as quantum entanglement, superposition or tunnelling however:
• there are two alternative (mutually related) ways in which quantum events might influence the brain activity 1. quantum dynamics speeds up and modulates the computational processes at microscopic and mesoscopic levels for which quantum effects are directly present (biomolecules, e.g. enzymes, have intrinsic, classically impossible, quantum properties which are necessary for life to be possible at all) 2. because the brain is a complex nonlinear system, potentially capable of chaotic dynamics, it can amplify lowest scale quantum fluctuations upward, modulating larger-scale macroscopic activity patterns
Quantum enzymology
• empirical evidence shows that biomolecules (proteins, DNA) take direct advantage of quantum effects (in particular of tunneling)
• protein folding (into its functional three-dimensional structure) is a minimization problem  quantum tunneling of electrons and protons speeds up proper protein folding (even in a warm and noisy intracellular environment!)  quantum tunneling effects are involved in the conformational changes required for enzyme-mediated catalysis Photosynthesis:
1. light excites electrons in pigment molecules (chlorophyll) 2. electronic excitation moves downhill from higher energy level to lower energy level through the pigment molecules 3. the excitation is trapped in a reaction centre, where its remaining energy is used to produce energy-rich carbohydrates
Computing problem: to establish the easiest route for the electronic excitation (which transfers the energy downhill) to the reaction complex Conclusion: it is possible that evolution selected inherently quantum-mechanical process for the fast and efficient mechanism of light energy harvesting
Solution:
• a clever quantum computation built into the photosynthetic algorithm
• (quantum) coherent energy transfer allows the 'wavelike' sampling of the energy landscape to find the easiest route for the electronic excitation
• the electronic excitation samples two or more states simultaneously
• much faster than the semi-classical (incoherent) mechanism
• the process is analogous to Grover's algorithm in quantum computing
• whenever electrons and their associated energies need to be considered explicitly, quantum physics steps in ( Schrödinger's equation)
• DFT replaces the individual electrons of a molecule with a single electronic density function
• examples: enzymatic reactions, photoreception, molecular motor proteins deterministic molecular mechanics vs. quantum molecular ‚mechanics' (Density functional theory)
Nested hierarchy of nonlinear complex networks Satinover 2001 • In iterative hierarchies with nonlinear dynamics (prone to chaos), small (even infinitesimal) fluctuations are not averaged away, they can be amplified!
• Brain structure is iterative and its activity is prone to chaos Extreme sensitivity to initial conditions Quantum nonlinear (chaotic) systems -benefitial to associative memories by avoiding convergence to spurious states -enables networks to follow high-frequency stimuli -boosts the propagation of complex waves of activity -enhances input detection abilities -enables rapid neuronal responses -sustains faithful propagation of firing rates
